Abstract
Introduction
High school students are special populations that endure a period of great challenges, risks and social developmental transitions. Numerous studies have confirmed the importance of sleep in behavioral regulation during the development of adolescents [1, 2] . Sleep quality is an important clinical construct and essential part of quality of life. Numerous studies have shown that poor sleep quality can place adolescents under the negative influences of impaired cognitive function, poor academic performance, depression, alcohol consumption, and suicidal behavior [3, 4] . Currently,poor sleep quality may be highly prevalent among high school students, and studies have shown that the number of adolescents involved in poor sleep quality worldwide varies between 18.7% and 25% [5] [6] [7] . However, the causes of poor sleep are complex and certainly multifactorial. Studies have reported that age, female sex, low socioeconomic status, living alone, and some environmental and occupational factors, as well as poor mental and psychological health, may be risk factors for having a sleep disorder [8] [9] [10] [11] .
Research has been undertaken that targets poor sleep quality among school students. The association between school behavior and sleep has been considered to be worth studying because school behavior may be strongly related to sleep and sleep problems. School bullying is a form of aggressive behavior experienced in schools that is defined as repeated exposure to negative actions by one or more schoolmates over time [12] . There are four profiles associated with bullying: pure bullies (students who bully and are never victims), pure victims (students who are victims of bullying and never attack others), bully-victims (students who are both victims of bullying and who bully others) and neutral (students never involved in bullying) [13] . Studies have shown that the number of students involved in this type of peer relationship in different countries varies between 6.3% and 45.2%, suggesting that bullying is prevalent among adolescents in schools [14, 15] . Numerous studies have shown that bullying affects the health of adolescents in the same way worldwide and appears to be linked to sleep quality [16, 17] . Williams et al found that children who were frequently bullied at school were more likely to get enuresis (OR = 1.7, 95%CI = 1.3-2.4) and have difficulty sleeping (OR = 3.6, 95% CI = 2.5-5.2) [18] . Previous studies have shown that the victims of bullying are more likely to have sleep difficulties among both women (OR = 1.47, 95% CI = 1.26-1.72) and men (OR = 1.58, 95%CI = 1.06-2.36) [19] ; those victims also have a lower sleep quality [20] and more often use sleep medication [21] compared with non-bullied respondents. Another study [19, 22] showed that past exposure to bullying increased the risk of sleep disturbances among women (OR = 3.83, 95%CI = 3.12-4.70) and men (OR = 4.40, 95%CI = 3.35-5.78) in the workplace, after adjusting for covariates. These studies, however, were conducted on relatively small or selective samples, examined nonstandard measures for the assessment of sleep quality, or did not take adequate account of potential confounding factors such as sociodemographic factors. Furthermore, little is known about the sleep quality that may be associated with each bullying profile (pure victim, pure bully, bully-victim and neutral) among high school students.
In addition, most of the previous studies that measured sleep quality in China only used simple unstructured questions, which may be insufficient to deliver valid assessments of sleep quality. The Pittsburgh Sleep Quality Index (PSQI) was designed to evaluate sleep quality through 19 items on multiple dimensions of sleep over a 1-month period and has been proven to have good reliability and test-retest reliability [23] . It assesses seven aspects of sleep, including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction [24] . Examining several aspects of sleep simultaneously in the same sample could provide a more precise and exhaustive description of the different bullying profiles and the challenges faced by the students involved in bullying.
Currently, we do not know whether bullying behavior in high school is an independent risk factor for poor sleep quality among high school students. The present study was designed to fill this gap in knowledge. The present study explored the different aspects of sleep (e.g., duration, latency and habitual sleep efficiency) of the four bullying profiles (pure victim, pure bully, bully/victim and neutral) using the validated PSQI by determining whether students who experience frequent bullying behaviors in high school (as bullies, victims or both) are at risk for poor sleep quality.
Furthermore, the sample of previous studies about sleep quality in other countries ranged from 124 to 3906 [25] . Concerning the sleep quality status quo among adolescents and the relatively small sample of previous studies, the present study conduct a large-scale, randomly selected sample investigated the prevalence of school bullying and sleep quality among Chinese high school students.
Methods

Participants
A cross-sectional study was conducted to investigate the prevalence of school bullying and sleep quality among high school students. The participants were high school students recruited from six cities in the Guangdong Province through a three-stage stratified group sampling method. For the first stage, the cities were divided into three strata according to their economic level, and two cities were selected in each stratum. For the second stage, 12 schools (6 junior high schools, 4 senior high schools and 2 vocational high schools) were randomly selected from all the schools in each city. For the third stage, 2 classes were randomly selected from each grade in the selected schools. All students (a total of 25,655) in the selected classes were asked to participate in this study and provided informed consent voluntarily. A total of 23,877 valid questionnaires were collected, resulting in a valid rate of 93.36%.
Data Collection
To protect the privacy of the students, anonymous questionnaires were administered by trained interviewers in the absence of the teachers (to avoid any potential information bias). The students were required to fill out the questionnaires during class time.
Ethical Statement
This study received approval from the Sun Yat-Sen University, School of Public Health Institutional Review Board. All participants were fully informed of the purpose of the study and were invited to participate voluntarily. Written consents were obtained from each participant and their parents.
Measures
Demographic characteristics. The demographic questionnaire elicited information on age, gender, grade, economic status, academic pressure, relationships with families, classmates and teachers, and smoking. Family economic status was measured by asking the student's perception of their family's current status (rated from good to bad). Academic pressure was captured by a single item based on the student's self-rating from low to high. Relationships with families, classmates and teachers were assessed based on the student's self-rating from good to poor. Smoking was assessed by asking, "Did you smoke at least one cigarette per week?" Sleep quality. The students' sleep quality was measured by the Chinese version of PSQI, which consists of 19 items generating 7 components: subjective sleep quality; sleep latency; sleep duration; habitual sleep efficiency; sleep disturbances; use of sleep medication; and daytime dysfunction. The CPSQI had been proven to have a good overall reliability and test-retest reliability. The CPSQI has a cutoff value of 7, with higher global scores indicating poorer sleep quality [24] .
Bullying behaviors. There are four profiles associated with bullying: pure bullies (students who bully and are never victims), pure victims (students who are victims of bullying and never attack others), bully-victims (students who are both victims of bullying and who bully others) and neutral (students never involved in bullying). The questions about bullying and victimization consisted of 12 parts, with the answers given on a 3-point scale as follows: 1-never, 2-sometimes (one or two times) or 3-often (more than three times). Students reporting at least one bullying behavior with a frequency of ''often" in the past 30 days were classified as bullies [26] . Victims were those who reported at least one victimization experience in the past 30 days with a frequency of ''often." Bully-victims met the criteria for being both a bully and a victim. All other students were labeled as neutral [27] .
Bullying questionnaire. The questions about bullying and victimization consisted of 12 parts, with the answers given on a 3-point scale as follows: 1-never, 2-sometimes (one or two times) or 3-often (more than three times).
Bullying and victimization were assessed with parallel questions: "During the last 30 days have you ever been (a1) ''hit, kicked, pushed, shoved around, or locked another student indoors?"; (b1) ''made fun of or insulted?"; (c1) ''excluded intentionally or prevented from participating?"; (d1) ''made fun of with sexual jokes, comments or gestures?"; (e1) ''blackmailed for money?" or (f1) ''bullied in some other way?". Question for bullying were as follows: Have you ever (a2) ''hit, kicked, pushed, shoved around, or locked another student indoors?" (b2) ''made fun of, or teased him or her in a hurtful way?" (c2) ''excluded another student intentionally, or prevented another student from participating?" (d2) ''made fun of with sexual jokes, comments or gestures to another students?" (e2) ''blackmailed money from other students?" (f2) ''bullied other students in some other way?".
Statistical analysis
The statistical analyses were conducted using SPSS 21.0 and SAS V.9.2. Descriptive analyses were used to describe the demographic characteristics and the prevalence of poor sleep quality and school bullying. The sleep quality differences between different groups were ascertained by a Chi-square test. Because our study used a multistage sampling method, the students were grouped into classes; therefore, they were not independent. Thus, multi-level logistic regression analyses were carried out to select the factors that may influence sleep quality. The GLMMIX procedure in SAS was used to fit the model in which classes were treated as clusters. A twotailed P-value of less than 0.05 was considered significant for all tests.
Results
Descriptive characteristics of the participants by sleep quality
The descriptive characteristics of the participants by sleep quality are presented in Table 1 . Among the 23,877 students, the mean age was 15.81±2.01 years; 46.27% of the students were boys, and 48.61% were junior high school students. A total of 6,127 students (25.66%) were reported to be poor sleepers. Among the participants, 11.65% and 40.06% had a poor economic status and high academic pressure, respectively. The proportion of participants who had poor relationships with their families, classmates, and teachers were 15.49%, 2.98%, and 5.40%, respectively. A total of 5.38% of the participants were smokers.
A higher proportion of girls were poor sleepers (51.30% vs. 54.30%, p<0.001), and a higher proportion of senior high school students were poor sleepers (46.26% vs. 62.82%, p<0.001).
More poor sleepers suffered from poor economic statuses (9.84% vs. 16 Victimization and bullying were prevalent among high school students. Of the total participants, 10.89% reported being involved in school bullying during the past 30 days, with 1,410 (5.91%) of the students reporting being bullied and 401 (1.68%) admitting to bullying others. A subset of 784 (3.28%) students was involved in both victimization and bullying. As we can observe in Table 1 , there were significant sleep quality differences among these different groups (p<0.001). 
Elements of sleep quality by involvement in bullying behaviors
Seven components of sleep quality in the present sample population are listed in Table 2 . Of the total participants, 25.66% of the students reported having poor sleep quality, 20.93% of the students reported sleep latencies over 30 minutes, 25.42% of the students reported sleep durations less than 6 hours, 75.66% of the students reported sleep disturbances, 1.34% of the students had used sleep medication and 92.82% of the students reported having dysfunction during the daytime. As these results indicate, the seven elements of sleep quality varied widely between those who were involved in bullying and those who were neutral. The students who were involved in bullying behaviors (being bullied or bullying others) reported a poorer subjective sleep quality, a longer sleep latency, a shorter sleep duration, less habitual sleep efficiency, more daytime dysfunction, an increased use of sleep medications and more sleep disturbances. The total measure of poor sleep quality occurred more frequently among the student who were bullied or bullies or both, and the differences were all significant.
Frequency of bullying behaviors and poor sleep quality
The frequencies of different types of bullying behaviors (being bullied or bullying others) and total poor sleep quality are represented in Table 3 . In our study, 670 (2.81%) of the students reported being physically bullied at least once or twice in the past 30 days; 5,701 (23.88%) reported being verbally bullied; and 1,809 (7.58%) reported being relationally bullied. A total of 634 (2.66%) of the students reported physically bullying others at least once or twice in the past 30 days; 3,144 (13.17%) reported verbally bullying; and 1,045 (4.38%) reported relationally bullying. The students, who were involved in bullying behavior, whether as victim or a bully, were at a significantly higher risk for poor sleep quality compared with students who were never victims or bullies. For example, the incidence of poor sleep quality among the students who were never physically bullied was 25.19%, while among the students who were sometimes physically bullied, the incidence was 35.28%; the incidence among those who were often physically bullied was 52.90%. A similar pattern was found among verbal victimization, relational victimization and different forms of bullying others. The more frequent the involvement in bullying behavior (whether as a victim or a bully), the more likely the student had poor sleep quality (Figs. 1 and 2) . Association of poor sleep quality and bullying behaviors
The final logistic regression model for poor sleep quality is presented in Table 4 . After adjusting for gender, grade, economic status, academic pressure, relationships with families, classmates and teachers, and smoking, the students who were being bullied (OR = 2.05, 95% CI = 1.81-2.32), bullied others (OR = 2.30, 95% CI = 1.85-2.86) and both (OR = 2.58, 95% CI = 2.20-3.03) were at a higher risk for poor sleep quality. In addition, we conducted regression analysis to examine odds ratios associated with involvement in bullying behaviors predicting sleep duration, sleep latency, etc. Finally, our results indicated that bullying others, being bullied and victimbully predicted all aspects of the sleep quality, including sleep duration, sleep latency, etc (Table 5 ).
Discussion
The current cross-sectional study used the validated PSQI to evaluate the sleep quality in adolescent bullying profiles with a large sampled population in China. We found that 10.89% of the students were involved in bullying behavior and that the overall prevalence of poor sleep quality (defined as PSQI >7) was 25.66%. Previous studies have showed that the number of students involved in school bullying in different countries varies between 6.3 and 45.2% [15] and that the prevalence of sleep problems varies from 10 to 33% [28, 29] . Our results are in agreement with the results of these studies showing that bullying is a widespread phenomenon [25] and that poor sleep quality is highly prevalent in the adolescents [30] . After adjusting for age, sex, and other confounding factors, our finding showed that students who were being bullied (OR = 2.05, 95%CI = 1.81-2.32), bullied others (OR = 2.30, 95% CI = 1.85-2.86) or both (OR = 2.58, 95%CI = 2.20-3.03) were at a higher risk of poor sleep quality. In addition, our study found that more frequent exposure to bullying resulted in a higher risk of experiencing poor sleep quality. To date, few studies have examined the association between school bullying and sleep disturbances. The study by Kubiszewski et al. [31] showed that victims of bullying showed significantly more subjective sleep disturbances than the pure-bully or neutral groups in France, after controlling for the effects of gender and age. More recently, other studies have investigated the association between workplace bullying and sleep disturbances. Niedhammer et al. [22] found that the risk of poor sleep quality among those experiencing weekly (OR = 3.25, 95%CI = 2.27-4.66) and daily (OR = 6.34, 95% CI = 4.31-9.33) exposure to bullying was higher than those without exposure in the working population. Hansen et al. [32] found that those who were occasionally bullied had higher ORs of disturbed sleep (OR = 3.60, 95%CI = 1.31-9.86) and a poor quality of sleep (OR = 5.22, 95% CI = 1.69-16.0) compared with those who were not bullied. These studies all suggest that bullying is closely associated with poor sleep quality.
Our results showed that those who frequently bullied others reported a poorer sleep quality, which may be explained by the fact that sleep becomes disturbed by intrusive thoughts and ruminations before and after specific bullying episodes [33] . However, being a victim of bullying could also lead to poor sleep quality, which could be explained by alterations in the hypothalamic-pituitary-adrenal (HPA) axis that are produced by chronic stress related to bullying. The HPA axis is known to influence sleep [34] . A typical bully or victim is likely to experience difficulties in solving social problems and usually has negative attitudes and beliefs and poor interpersonal relationships [35] . Researchers have found an association between involvement in bullying and a number of social stresses and psychological symptoms, including depression, anxiety, fears of going to school, and feelings of being unsafe and unhappy at school [36] [37] [38] . In addition, students with chronic sleep problems usually report more negative emotional states such as feeling tired, tense, anxious, depressed, and inattentive and experiencing conduct disorder [39] [40] [41] [42] . These social stresses show a strong association with sleep problems and greatly disturb sleep in adolescents, which may be a mechanism behind bullying and sleep difficulties [43] . Moreover, stressful situations may cause disturbed sleep and less refreshing sleep [44] , which is an underlying mechanism that could involve a lack of self-confidence to address stressful situations and the use of ineffective coping strategies during peer confrontation [31] . In our society, the social stress experienced by victims of bullying could arouse powerful feelings of threat, and any perception of threat and the associated increased arousal will make it difficult to fall asleep and thereby decrease sleep quality [40] . Moreover, the alertness and stress response system increases significantly during adolescent development, which could lead adolescents to have a higher risk of bullying-related sleep impairments [31] .
In the present study, there are some limitations that should be considered. First, the data that we collected were cross-sectional and can thus only be used to evaluate statistical relationships but not causation. Longitudinal research that further indicates the cause-result relation could be the focus of future studies. Second, the school bullying was self-reported, which may be subjectively biased and may over-or underestimate the associations between school bullying and sleep. Future studies should assess bullying behaviors using more objective measures. Finally, no details regarding specific time frame for demographic questions were in our questionnaire. We advocate that future investigation to give a specific time frame for demographic questions is recommended.
Despite these limitations, our results provided insight into the relationship between school bullying and sleep quality. While we cannot provide a determinate interpretation for this relationship, we can suggest several possibilities that could be benefited by future study. The findings are of potential practical importance both for parents who want to support their children's socio-emotional development and well-being and for educational professionals who must deal with the students involved in bullying.
Conclusions
In conclusion, we investigated the prevalence of school bullying and sleep quality among Chinese high school students using a large-scale, randomly selected sample and examined the association between these factors. The results showed that the sleep quality of high school students is not optimistic and that school bullying is prevalent among adolescents in China. Additionally, being involved in school bullying might be a risk factor for poor sleep quality in adolescents. Given the prevalence of bullying observed in this study and its potential damage on sleep quality, effective preventive intervention measures should require a full consideration of the social and environmental factors that would stop bullying behaviors among Chinese adolescents.
